up 1 year thereafter. The mean (SD) interview time points from stroke were 12.3 (3.0) days for baseline and 13.2 (3.6) months for follow-up.
| Participants
All acute stroke patients hospitalized at the study site were approached for participation. Inclusion criteria were (i) confirmed ischemic stroke by brain magnetic resonance imaging (MRI) or computed tomography (CT) if MRI was contraindicated, (ii) ability to complete the necessary investigations and questionnaires, and (iii) capacity to understand the objective of the study and provide informed consent. Exclusion criteria were (i) severe physical illnesses that were life-threatening or interfered with recovery from stroke; (ii) communication difficulties due to dysphasia or dysarthria precluding informed consent and questionnaire completion; (iii) any of the following comorbid neuropsychiatric conditions: dementia, Parkinson's disease, brain tumor, epilepsy, psychoses, and alcohol and substance dependence; (iv) severe physical illnesses limiting movement prior to stroke; and (v) a Mini-Mental State Examination (MMSE) score 27 of <16 at baseline assessment. All participants provided written informed consent, and the study was approved by the Chonnam National University Hospital Institutional Review Board.
| Depression diagnosis
Depressive disorder was assessed at 2 weeks and 1 year after stroke using the Mini International Neuropsychiatric Interview (MINI), 28 a structured diagnostic psychiatric interview using DSM-IV diagnostic criteria for major and minor depression. According to these criteria, patients were diagnosed with major depression if they had at least one core symptom (ie, depressed mood or loss of interest) and at least four other symptoms of depression. A diagnosis of minor depression was made if patients had at least one core symptom and at least two others, but fewer than five symptoms in total. Patients were further categorized into "any PSD" (both major and minor depression) and "major PSD."
| Brain imaging analysis
According to the study protocol, patients were scheduled to undergo emergency MRI on admission. The MRI protocol included diffusionweighted imaging, gradient-echo imaging, fluid-attenuated inversion recovery (FLAIR), and time-of-flight magnetic resonance angiography (MRA). MRI/MRA and CT angiographies were assessed by experienced stroke neurologists blinded to the clinical data. WMH severity was rated visually as mild (grades 0 and 1) or severe (grades 2 and 3)
using the four-point modified Fazekas scale. 29 DWMHs and PVWMHs were rated visually on axial FLAIR images. Disagreements in imaging analysis were resolved through consensus.
Key points
Early depressive symptoms after the stroke may be associated with PVWMHs, and delayed depression is associated with DWMHs.
| Demographic and clinical covariates
Characteristics potentially associated with PSD were considered as covariates. Information on age, sex, years of education, and history of depression and stroke was obtained from the participant or their caregiver, as appropriate. Stroke severity was measured using the National Institutes of Health Stroke Scale (NIHSS) with scores ranging from 0 to 42, with higher scores indicating more severe pathology. 30 Cognitive function was assessed using the MMSE with scores ranging from 0 to 30, with lower scores indicating lower cognitive function.
Physical disability was measured using the Barthel Index (BI) with scores ranging from 0 to 100, with lower scores indicating more severe disability. 31 The NIHSS, BI, and MMSE were administered on admission and at 1-year follow-up after stroke. Using brain-imaging data, the location of the stroke was classified as right hemisphere, left hemisphere, or bilateral, and as anterior, posterior, or both. Vascular risk factors identified included hypertension, diabetes, heart disease, and hypercholesterolemia based on relevant information and/or examinations.
| Statistical analyses
The dependent variables were the presence of any PSD and major PSD at the 2-week and 1-year follow-up assessments. 3 | RESULTS
| Recruitment
The recruitment procedure for the baseline and follow-up aspects of the study is shown in Figure 1 . Table 1 . Comparisons between the without PSD group and the any PSD at baseline revealed that the any PSD group was significantly older, more likely to have previous histories of stroke and/or depression, had higher NIHSS and lower MMSE scores, and the stroke was more likely to be located in the anterior region. The comparison between the without PSD and major PSD groups revealed that the patients with major PSD had significantly more years of education, were more likely to have a history of previous depression, had lower MMSE scores, and the stroke was more likely to be located in the anterior region of the brain. At follow-up, female sex alone was associated with major PSD. Statistically significant factors were selected as covariates for subsequent analyses. 
| WMHs according to PSD status

| DISCUSSION
The principal finding of our longitudinal study of a poststroke cohort was the differential effect of WMHs on depressive disorders at 2 weeks after the index stroke and at 1-year follow-up, such that PVWMHs were significantly associated with PSD at 2 weeks, whereas DWMHs were associated with PSD 1 year after the stroke. We found no interactive effects of PVWMHs and DWMHs on depressive disorders after stroke.
Neuropathological studies do not support a significant relationship between PSD and focal macrovascular pathology in specific brain areas 32 ; however, chronic microvascular burden may be an important factor in the development of PSD, 32 although the association between PSD and WMHs reflecting chronic microvascular pathological changes is not fully understood. This may be due, in part, to the limitations of cross-sectional study designs that assessed PSD at a particular time point and did not consider the types of WMHs. To our knowledge, our study is the first longitudinal investigation of the association between types of WMHs and PSD over time.
We found differential effects of the type of WMHs on depression according to the time after stroke: PVWMHs were primarily associated with acute PSD, and DWMHs were associated with chronic PSD. In terms of neuropathology, PVWMHs may be related to ependymal loss and differing degrees of myelination and ischemia, whereas DWMHs are caused primarily by vascular pathology. 33, 34 Furthermore, the periventricular area contains a high density of long association fibers; thus, PVWMHs may predominantly disrupt the long association fibers, whereas it is likely that DWMHs reflect damage to short association fibers, such as the arcuate fibers. [35] [36] [37] Taken together, these findings suggest that the pathogenesis of PVWMH and DWMH differs, and that the lesions are differentially related to depression. 38, 39 Previous studies have shown that the risk factors for PSD differ according to time after stroke. 40 Our findings support previous studies from a neuropathological perspective, and suggest that clinicians should consider the dynamic nature of PSD and continuously monitor the mood state of patients with stroke. 41 We found an association between the presence of PVWMHs and depression in the acute stage of stroke. A previous MRI study found that PVWMHs, but not DWMHs, were associated with impaired cognitive function. 37 The long white matter tract, which carries ascending fibers, lies adjacent to the ventricles and is involved in attention and the efficient performance of cognitive tasks. The long association fibers play a significant role in the ability to cope with life events because higher cognitive functions, such as coping behavior, rely on connections between multiple cortical regions. 37 Stroke survivors with increased PVWMHs are more likely to use maladaptive coping strategies for sudden illnesses, such as stroke, which may cause depression.
Conversely, although PVWMHs are prevalent in individuals with multiple sclerosis (MS) and associated with cognitive dysfunction, the relationship between cognitive dysfunction and depression is dependent on coping style. [42] [43] [44] However, we found that the significant association between PVWMHs and depression 2 weeks after stroke remained significant, after adjusting for MMSE. A previous study found that an increase in PVWMHs was associated with reduced psychomotor speed, but not with memory impairment until the later stages of cognitive decline. 37 Thus, it may be that reduced cognitive speed contributed to depression in our study sample. However, MMSE is a short screening tool for cognitive function and cannot detect subtle cognitive impairment. 45 The precise reason for the association between PVWMH and PSD in the acute phase of stroke is not clear. Further systematic studies of the mechanisms underlying this association are needed.
We found that the presence of DWMHs predicted depressive disorder 1 year after stroke. A previous longitudinal study of depression in stroke survivors found that although 60% of patients with depression in the acute phase of stroke had recovered 1 year after stroke, those who remained depressed were at high risk of chronic depression. 7 Thus, stroke survivors with severe DWMH may experience chronic depression. Our findings are consistent with those of previous studies. Chatterjee et al 19 reported that visible subcortical lesions in the deep white matter were a significant risk factor for PSD at least 9 months after a stroke. The pathogenetic mechanism underlying chronic PSD may differ from that associated with acute PSD. 32 An association between DWMH and severe PSD after the stroke is sup-
